The work is dedicated to the development of nano-structured paints with a barrier effect. The process of the preparation of such compositions has been studied. The influence of various technological parameters on the processing of these compositions is shown. A practical and effective method for monitoring the progress of this process is proposed. The contribution of technological parameters that allow scaling of the obtained results to experimental and industrial technological lines equipped with serial equipment for the production of paint and varnish composite materials for various purposes is estimated, namely, the dependence of the processing efficiency of carbon nanotubes in the solution medium of an epoxy oligomer on the angular velocity is established. In addition, the temperature limits for the processing of these nanotubes are established for the preparation of nano-structured paint and varnish compositions, which have a barrier effect. It has been established that for the intensification of the processing process, it is necessary to use dispersing bodies and assess the effect of their geometric parameters together with the degree of filling on the efficiency of this processing process. On the basis of this research, the mathematical expression connecting volume capacity with various technological parameters for an estimation of efficiency of process of manufacture of the nano-structured paint and varnish compositions possessing barrier effect is offered.
INTRODUCTION
Carbon nanotubes have a large surface energy, show an increased tendency to stick together and agglomerate. At present, their agglomeration is one of the most serious obstacles to the various technical applications of nanotubes [1] [2] [3] . The size of the agglomerates can reach hundreds of micrometers [4] [5] . In this case, the effect of reinforcing the matrix material characteristic of the homogeneous distribution of nanoparticles in the composite is not achieved [6, 7] . To prevent such phenomena, the carbon nanotubes are modified. The most interesting modification, from a practical point of view, is that of polymeric and oligomeric structures [8] [9] .
For example, when unmodified nanotubes are introduced into the epoxy resin by means of mechanical mixing, it is not possible to achieve an even distribution of nanotubes in the matrix of the composite material, but ultrasonic vibrations imposed for 10-15 minutes in a bath containing a liquid polymer allow the homogeneity of the resulting composite to substantially increase [10, 11] . In this case, the complex of mechanical properties of the material is markedly increased. The problem of the inhomogeneous distribution of carbon nanotubes in a composite can be solved using the carbonate nanotube master concentrates [12] [13] [14] .
The degree of nanotube agglomeration can be reduced by radiationstimulated covalent modification of nanotube walls and this is due to the noncovalent interaction of nanotubes with molecules of polyconjugated polymers such as polyaniline in conducting and base form and poly (1methoxy-4-(2-ethylhexyloxy) -phenylene-1,2-vinylene) [15] . However, in order to describe the mechanism of stabilization of nano-sized particles by polymers, a theory based on the structural and mechanical factors of stability of disperse systems and spatial grids of the type of coagulation structures is used [16] [17] [18] . The disadvantage of this approach is that many aspects of this theory are not applicable for the production of paint and varnish nano-structured materials [19, 20] . This is due to the fact that in polymeric systems, polymers (oligomers) are in the form of various associative structures, the size, shape and activity of which are determined as a component composition (type and amount of solvents, additives, etc.), but also the technological features of the processing process.
In the last decade, a lot of work has been carried out to investigate the possibilities of using nanosized particles, including carbon nanotubes in polymer compositions. The prerequisites for such studies are fundamental results in the study of the properties of nano-sized particles and their interactions with environmental components; in particular, these results suggest that the introduction of nanoparticles in polymers (and varnish systems) for various purposes can allow them to improve their properties and to obtain new materials with new, sometimes unique, target characteristics. It is known that in order to achieve the desired properties, various additives (pigments, inhibitors, biocides, antioxidants, plasticizers, etc.) are introduced into the polymer compositions, in particular to the paint and varnish materials, at concentrations so large that they substantially change (usually destroy) the main characteristics of the material. There is reason to believe that the introduction of nanoparticles at substantially lower concentrations (less than 1% by weight) allows a given modification of the material properties to be obtained without deterioration of its main characteristics. In addition, the introduction of nanoparticles can inform the material of new useful properties due to specific effects of the presence of nanoscale particles.
To create such materials, the stability of the nanoparticles used is of great importance, since it is obvious that the short lifetime of nanoparticles introduced into the polymer, as well as their aggregation or destruction during the preparation of compositions and the use of products based on them, is accompanied by the loss of those advantages associated with nanoscale. From the point of view of technology, the simplest way of obtaining nanocomposite systems is to introduce dispersions, stabilized nanoparticles into a preformed polymer composition. At the same time, obtaining such dispersions presents a serious problem. Probably, for this reason, to the best of our knowledge, paints modified with nanoparticles have not been presented and have the corresponding advantages for practical use.
Such nanostructured polymer composites, after coating them on the surface, form a stable polymer film with the desired properties that nanoparticles that make up these composites give them. We believe that further research into the properties of nanocomposite materials from the point of view of the influence of the parameters introduced by the nanoparticles, as well as the composition and content of the individual components of the composition, will allow us to develop a technology for obtaining new, practically valuable materials.
The combination of effective target characteristics of nanocomposites containing carbon nanotubes with good protective and physicomechanical properties makes them a new competitive material both on the Russian and world markets. However, when nanoscale objects, including carbon nanotubes are introduced into the polymer matrix, it is necessary to solve the problems associated with the stability of nanoparticles in the preparation of the composite, its storage and operation. Many aspects of the effect of additions of high molecular compounds on the stability of nanoscale particles have been studied, but the mechanism of the stabilizing action of polymers has not been completely clarified, and the theoretical basis for their scientific selection for these purposes is in the initial stage of development. This is due to the great complexity of polymer dispersed systems and the variety of factors responsible for the stability of metal-containing nanoscale particles. The material presented in this article will allow to answer some questions related to the interaction of polymer-carbon nanotubes, which will allow not only to expand the theoretical knowledge about the course of such heterogeneous processes, but also to find wider practical application of such hybrid materials.
LITERATURE REVIEW
The question of the interaction of carbon nanotubes with the material of the polymer matrix is fundamental from the point of obtaining optimum mechanical properties of the composite material. Despite the fact that carbon nanotubes are very small, their length is hundreds of times larger than the diameter, so hardening of the polymer matrix should be considered as hardening by fibres, rather than by dispersed particles. Different mechanisms of strengthening composites are possible. In the event that the carbon nanotubes form a chemical bond with the surrounding polymer, the work of destroying the composite is spent on detaching the tubes from the matrix or destroying them. In order for nanotubes to be effectively incorporated into the polymer structure, it is possible to use special physical or chemical ways of activating their surface, or direct polymer synthesis directly on carbon nanotubes [1] . These methods are very promising because the carbon nanotubes have high values of strength and rigidity and, therefore, a large amount of energy is required to destroy them upon deformation of the composite.
The possibility of using carbon nanotubes in certain applications is determined by their aggregative stability, wettability, surface charge, ability to cation exchange and other properties that depend on the content of certain functional groups on their surface. Chemical modification of the surface functional groups of carbon nanotubes is necessary to create catalysts, sorbents, composite materials and molecular probes based on them. On the surface of nanotubes, the existence of various functional groups is possible, such as carboxyl, hydroxyl, ketone, ether, anhydride, lactone, aldehyde groups.
To determine the functional groups in carbon materials, infrared and photoelectron spectrometry methods, titrimetric and electro-kinetic methods are used. To determine the hydroxyl groups of different nature (phenolic groups, carboxyl groups), as well as the hydroxyl groups formed during the hydrolysis of lactone and anhydride cycles in carbon materials, the Boehm method is very often used, based on the fact that groups of different types have different acidity and can be neutralized by bases of different strength [2] . When processing carbon materials with a solution of sodium hydroxide, lactone and anhydride cycles are revealed (forming hydroxyl and carboxyl groups), and carboxyl and phenolic hydroxyl groups are neutralized. When treated with sodium carbonate solution, carboxy-and lactone and anhydride groups are neutralized, carboxy groups are neutralized by treatment with sodium hydrogen carbonate solution; the content of phenolic hydroxy groups is calculated from the difference between the total content of functional groups obtained from the results of processing a sample sample with sodium hydroxide solution and the total content of carboxy-and lactone groups [3] .
Depending on the required properties, modification of the surface of carbon nanotubes is carried out in different directions: -covalent attachment of functional groups at the ends of carbon nanotubes or attachment to a conjugated skeleton of carbon nanotubes; -non-covalent adsorption or wrapping;
-Endohedral filling of their internal cavity.
Covalent attachment of functional groups is one of the most common methods for modifying the surface of carbon nanotubes and consists in the oxidation of carbon nanotubes by strong oxidants.
As a rule, oxidation begins at the ends of carbon nanotubes. The reactivity of an extended graphite layer containing six-membered graphite rings and making up the surface of nanotubes is much less than the corresponding characteristics for the spheroidal surface of the ends of carbon nanotubes, which also contains a number of five-membered rings. Along with the oxidation of the vertices, the removal of the outer layers of nanotubes also occurs, which begins in the terminal region and occurs even in cases of incompletely removed vertices. Carbon nanoparticles, which are usually in the shape of irregular polyhedra, also have a much higher reactivity than nanotubes [4] . The large curvature of the walls and the prolonged oxidative action lead to the formation of a large amount of carbon in the sp 3 hybridization belonging to phenolic, lactone, quinol, carboxyl and ester groups [5] . To improve the compatibility of carbon nanotubes with various substances, including polymeric materials, further modification of these oxygen-containing groups by organic and inorganic reagents is carried out, thereby expanding the field of their application [6, 7] . Oxidative treatment is usually accompanied by the destruction of the structure of carbon nanotubes, shortening and thinning of carbon layers occurs [8] .
To increase the amount of carboxyl, hydroxyl and phenolic groups on the surface of carbon nanotubes and to improve their compatibility with polar solvents, the treatment of carbon nanotubes with nitric acid is often used. Treatment of carbon nanotubes 8M HNO3 in an ultrasonic bath at a temperature of 40 to 50 0 C for one hour and treatment with 2.6M HNO3 with mechanical stirring, at 120 0 C for 2 to 4 hours leads to an increase in the solubility of carbon nanotubes in water, methanol and in DMF [9] . When treating carbon nanotubes with 70% HNO3 at 100 0 C for 48 hours, there is an increase in functional groups. Moreover, after 6 hours of oxidation on the surface of nanotubes, carboxyl groups predominate [10] . The processing of the nanomaterial "Taunit" is known, which is a multilayered carbon nanotube with a diameter of 10 -60 nm and a length of up to several microns, concentrated HNO3. Moreover, the total content of the surface of the functional groups depends on the treatment time. When processing the "Taunit" nanomaterial with concentrated HNO3 for 15 minutes and 7 hours, the total content of the functional groups was 0.30 mmol / g and 0.15 mmol / g, respectively [11] .
There is a treatment of carbon nanotubes diluted with sulfuric acid 20-60% concentration at a temperature of 70 to 100 ° C for 0.5-2 hours. The treatment reduces the hydrophobicity of carbon nanofillers and increases their wettability by aqueous organic solutions [8] . The functionalization of carbon nanotubes is often carried out with a mixture of nitric and sulfuric acids. The optimal conditions for the activation of nanotubes are as follows: temperature of 90-106° C with a volume ratio of concentrated nitric and sulfuric acids from 1:3 to 1:30 Activated under these conditions, nanotubes have a crystalline nature. As the temperature drops below 90 ° C ,there is a decrease in the proportion of amorphous carbon passing into the solution, and with an increase in the temperature of the acid treatment, the rate of dissolution of carbon nanotubes increases substantially. The mass fraction of carbon that has passed into solution decreases and the concentration of sulfuric acid in the activating mixture increases with other constant conditions [9] .
When carbon nanotubes are functionalized with a mixture of nitric and sulfuric acids, carboxyl groups are formed on their surface. The most intensive process of grafting functional groups takes place during the first two hours, after which it slows down due to a decrease in the concentration of acids in the reaction mixture. Thus, the optimal time for functionalization under these conditions is in the range from 0 to 2 hours, and when choosing the duration of the synthesis, it is necessary to take into account the ratio of the fraction of functional groups and the degree of destruction of the structure of carbon nanotubes. The grafting of carboxyl groups to carbon nanotubes changes the nature of their surface from hydrophobic to hydrophilic. The functionalized carbon nanotubes, in contrast to the initial ones, are able to form stable colloidal solutions that do not settle without external influences for a long time. Photocolorimetric measurements showed that the light transmission of such solutions practically does not vary with time. Such properties of functionalized carbon nanotubes are due to the dissociation of carboxyl groups and, as a consequence, the formation of a negatively charged surface and a double electric layer [10] .
Of particular interest is the fluorination of nanotubes, which significantly reduces their inertia and is therefore considered as a promising technological process as the first stage of functionalization of carbon nanotubes. Fluorination is carried out in a nickel reactor at 420 ° C in a stream of molecular fluoride produced by electrolysis of potassium trifluoride KF • 2HF and containing up to 3 wt.% HF . In this interaction of fluorine atoms with carbon nanotubes occurs due to the covalent attachment of fluorine atoms to the graphene layers of the carbon skeleton without destroying the latter and is accompanied by a change in the hybridization of valence 2s and 2p-states from a triangular (sp2) to the tetrahedral (sp3) [eleven] . Treatment of carbon nanotubes with ozone leads to the formation of surface ozonides, which when processed with sodium tetraborate are transformed into hydroxyl groups. Hydroxylated carbon nanotubes are also obtained by mechanochemical treatment in an alkali environment.
Treatment with "cold" plasma is possible with the functionalization of carbon nanotubes with addition of amino groups (NH3 plasma) or the formation of CF (CF4 plasma). It is known that carboxyl groups covalently bound to the framework of carbon nanotubes can serve as "anchors" for grafting all sorts of functional fragments, for example, biologically active, fluorescent, biopolymer. One of the typical schemes of successive functionalization of carbon nanotubes, shown in Figure 13 , consists of grafting carboxyl groups using oxidants, treating them with thionyl chloride or oxalyl chloride to convert them to acid chloride groups, which subsequently form amide groups with amines [12] .
IR and X-ray photoelectron spectroscopy showed that after treatment with a mixture of sulfuric and nitric acids, t-multilayered carbon nanotubes contain C (O) OH (13 at.% Carbon), C = O (11 at.%) and C-O (4 at.%). The resulting tubes were amidated by the reaction of an acid chloride with diododecylamine. The solubility of the carboxylated tubes in water is 3.13 g / l, the amidated tubes dissolve in chloroform to a concentration of 1.3 g / l [21] . The amidation of carboxylated multilayer carbon nanotubes in the presence of carbodiimide is described, and the electrochemical characteristics of functionalized tubes are studied. The possibility of their effective use as an active element in amperometric biosensors is shown [13] . Exceptionally high solubility in water (10 mg / ml) in the pH range 5-14 was achieved by amidating lysine with carboxylated and then transferred to the chloride form of multilayer carbon nanotubes. Amidation of carboxyl groups of carbon nanotubes using long chain alkylamines leads to the formation of stable dispersions in non-polar solvents [14] .
To enhance the adhesion interaction between carbon nanotubes and the polymer matrix, the covalent attachment of polymer chains to the surface of nanotubes is possible. One option involves the use of modified polymers, for example, polystyrene with a terminal azide group or polystyrenite, etc. Another option is to attach to the carbon nanotubes the particles -initiators of the polymerization and the subsequent addition of the monomer. [14] . Non-covalent modification consists in the content at the surface or the formation around the multi-walled carbon nanotubes of chemical compounds that are related to the structure of carbon nanotubes by van der Waals, electrostatic and other forces. Non-covalent modification is a consequence of physical sorption of gases, vapours, organic derivatives, fats; doping of carbon atoms, followed by the replacement of other chemical elements by atoms; decorating the outer surfaces of nanotubes with other substances and using them as matrices [15] . This type of modification affects the change in the geometric features of the structure of carbon nanotubes, the formation of topological defects, functional groups, alloying and inter-calated substances.
Of great interest is the work on the modification of the surface of multiwalled carbon nanotubes by metal nanoparticles to give specific properties to carbon nanotubes [16] . As a result of the production of cerium (IV) oxide with CeCl3 at 10 ° C on oxidized carbon nanotubes through the heating stage of the reaction vessel at 450 ° C, the size of the oxide nanoparticles obtained was ~ 6 nm. During the precipitation of cerium hydroxide in a more alkaline solution or at 20 ° C, the average particle size increased to 10-15 nm. The homogeneous deposition of nanoparticles on carbon nanotubes does not correspond to the nature of their surface. It is believed that the centres for the formation of metal nanoparticles are chemisorbed oxygen or defective portions of the graphene plane of carbon nanotubes. This leads to the selectivity of the adsorption centres of metal nanoparticles and affects the formation of small nanoparticles of metallic compounds. Therefore, the formation of a nanoscale metal compound is the result of the template effect of nanotubes as substrates.
According to measurements of the specific surface, a decrease in the specific surface area of multi-walled carbon nanotubes from 273 to 50 m 2 / g, which is associated with a significant filling of the surface of multiwalled nanotubes due to their modification by nanoparticles of cerium compounds. The template effect of multi-walled carbon nanotubes contributes to the "Sticking" of metal nanoparticles on the surface of a nanotube. They are attached to the defect sections of the outer walls of multi-walled carbon nanotubes and they are unevenly placed along the axis of the nanotube. The so-called decorating process is realized as a result of physical interaction of defective parts of the surface of multiwalled carbon nanotubes with cerium nanoparticles [16] .
It should be noted thatnon-covalent modification of carbon nanotubes are most often used to separate aggregates into individual nanotubes and increase their "solubility" in various media. In order to achieve this, surface-active substances, compounds with condensed aromatic nuclei (for example, pyrene), conjugated polymers (for example, phenylenevinylene derivatives) and biological preparations (DNA, RNA, etc.) are used. [17, 18] . In the noncovalent modification of nanotubes, the polymer envelops or physically adsorbs on the surface of carbon nanotubes. On the surface of carbon nanotubes, carbon is in a state sp 2 hybridization, thereby allowing π-π interaction with conjugated polymers and with organic polymers containing heteroatoms with an unshared electron pair. The advantage of the noncovalent modification is that the surface does not break down and therefore the structural properties of carbon nanotubes do not change [19] .
Since carbon nanotubes have a large surface energy, they show an increased propensity to stick together and to agglomerate, and their agglomeration is one of the most serious obstacles for various technical applications of nanotubes. The size of the agglomerates can reach hundreds of micrometers [4] [5] . In this case, the effect of reinforcing the matrix material characteristic of the homogeneous distribution of nanoparticles in the composite is not achieved [6, 7] . One of the most promising methods for modifying the surface of carbon nanotubes is the action of low-temperature plasmas of low and atmospheric pressure in a medium of various gases and vapours of organic compounds [20] . This method enables the surface to be functional without changing the chemical and physical characteristics in the sample volume. The formation of oxygen-containing groups on the surface occurs both in oxidation processes and in the inoculation of polymers formed under the action of plasma.
It is known that the introduction of modified carbon nanotubes into the composition of composites as fillers in plasma makes it possible to significantly improve the homogeneity of their distribution in the composite material. The maintenance of composite carbon nanotubes in a composite material results in an improvement in the mechanical properties of composites. The tensile strength, elongation, and Young modulus of composites based on polyimides and carbon nanotubes modified in Ar plasma with the subsequent grafting of maleic anhydride by the conventional method were markedly increased, and the highest values of these parameters corresponded to the content of carbon nanotubes of about 0.5% by weight [21] . For polystyrene composites containing 3-5% carbon nanotubes modified by applying a thin layer of polymer from styrene in plasma, the tensile strength as a function of elongation and the Young modulus value increased in comparison with pure polystyrene and a composite with initial carbon nanotubes [22] .
The flexural strength and flexural modulus for composites based on epoxy resin and carbon nanotubes modified in nitrogen plasma followed by grafting of 2-hydroxyethyl methacrylate increases [23] . The dynamic mechanical properties of such composites (dynamic viscosity, modulus of elasticity and loss modulus depending on the angular frequency) are noticeably improved.
Carbon nanotubes have a large surface energy, show an increased tendency to stick together and agglomerate. At present, their agglomeration is one of the most serious obstacles to the various technical applications of nanotubes [1] [2] [3] . The size of the agglomerates can reach hundreds of micrometers [4] [5] . In this case, the effect of reinforcing the matrix material characteristic of the homogeneous distribution of nanoparticles in the composite is not achieved [6, 7] .
However, in order to describe the mechanism of stabilization of nanosized particles by polymers, a theory based on the structural and mechanical factors of stability of disperse systems and spatial grids of the type of coagulation structures is used A necessary condition for the stabilizing action of a high-molecular compound is sufficient activity of the surface of nanoscale metal particles with respect to the polymer forming a highly strengthened adsorption-solvated structured film on the surface of the dispersed phase. Protective polymers form sufficiently strong structural grids in the volume of the dispersion medium on the surface of the particles of the dispersed phase. The degree of stabilization can be different -these are continuous transitions from the formation of structures only with adsorption layers to the structuring of the entire volume of the dispersion medium. Especially stable are colloidal adsorption layers, which are formed at significant concentrations of high molecular substances [24] .
Sometimes a structural grid appears in the solution, where the metal particles are arranged in groups, forming chains of various shapes and lengths. In it, colloidal particles bind units of different or identical macromolecules. It should be taken into account that the processes of particle coarsening and adsorption of macro-molecules on the surface of the initial and emerging particles simultaneously (and influence each other) take place in the system. In this case, the aggregate stability depends on the ratio of the rate constants of coagulation and adsorption [25] . When two nano-sized metal particles covered by a layer of adsorbed soluble polymer chains approach each other to distances less than the total thickness of the adsorption layers, an interaction appears between the layers, which leads, in most cases, to the formation of repulsive forces between the colloidal particles.
The quantitative contribution of the polymer component to the interaction energy of the particles depends both on the parameters of the adsorption layer of the polymer on the surface (the proportions of the elementary links of the macro-molecule contacting the surface, the degree of coverage of the latter polymer, the thickness of the polymer layer, etc.) and the parameters of the macro-molecules in solution. The adsorbed polymer layers on the surface of nanoscale particles can be considered as a kind of medium -polymer solution, which determines the interaction forces between the particles of the dispersed phase. It is obvious that at very high packing density of adsorbed molecules on the surface, when macromolecules almost lie on it, the interaction between the particles is negligible. When the particles approach and overlap the adsorbed layers of the polymer, an interaction arises due to the "meshing" of the loops. It is the area of such overlap that can be considered as a medium (polymer solution). With mutual penetration of two adsorption layers, it is possible to exhibit effects due to a decrease in the number of possible conformations of the macro-molecular chain and a change in the concentration of segments in the overlap zone, accompanied by a change in polymer-solvent interaction and the appearance of local osmotic pressure [25] .
Despite the fact that the main theoretical provisions concerning the formation and stabilization of colloidal dispersions are mainly related to polymer emulsions, they, apparently, can be fully applied to nanoscale particles. The differences can be of a quantitative rather than qualitative nature. In particular, as already noted, the attractive forces between particles of dispersions of organic polymers are much less than between particles of metals, their oxides and salts. Many aspects of the effect of additions of high molecular compounds on the stability of nanoscale particles have been studied, but the mechanism of the stabilizing action of polymers has not been completely clarified, and the theoretical basis for their scientific selection for these purposes is in the initial stage of development. This is due to the great complexity of polymer dispersed systems and the variety of factors responsible for the stability of metalcontaining nanoscale particles. Experimental data suggest that the most promising stabilizers among non-ionic polymers will be those that form a sufficiently thick or dense adsorption layer on the surface of the particle. For charged macro-molecules, the use of similarly charged polymers with a high charge density is more promising.
In general, the stabilizing effect of a high-molecular compound is determined by a number of additional factors, in particular, the degree of polymerization, the type and number of functional groups, the nature of their distribution along the chain, and so on. The strength and rigidity of the protective layers, their spatial extent, as well as the way of polymer attachment to the particles, are the most important characteristics of the stabilizing action. In the theory of systems under consideration, two groups of problems can be distinguished with a certain degree of conventionality [26] . One of them is the subject of study of classical colloid chemistry and physical chemistry of surface phenomena. This includes, for example, a description of the electro-surface phenomena in colloidal systems. Another group of problems is associated with the traditional sections of the physicochemistry of polymers. One is usually distracted from the details of the interaction between colloidal particles themselves and focus on the pure polymer contribution depends on the concentrations of dissolved macro-molecules, the nature of their interaction with particles, thermodynamic properties of the solvent and the like. In a real situation you need a combination of these approaches to stabilization of nanoparticles.
A distinctive feature of carbon nanotubes is that they have a large surface energy, and, therefore, show an increased tendency to aggregate. Currently, the process of their agglomeration is one of the most serious obstacles to their wide application. To solve this problem, many researchers suggest a surface modification of carbon nanotubes. In earlier studies, a scientific team of specialists from the Russian Chemical Technical University named after D.I. Mendeleev demonstrated the possibility of adsorption modification of carbon nanotubes by various surface-active substances [27] [28] [29] [30] . However, the process of processing solids in disperse systems, including carbon nanotubes, is affected not only by the ratio of the selected components, but also by various technological parameters. Having investigated the influence of various technological parameters on the processing and modification processes, it is possible not only to correct the system, but also to obtain the initial data for scaling the process to an experimental installation.
METHODS
The processing of carbon nanotubes was carried out on a laboratory dispersing unit LDU-3MPR (Production by LLC Labotex Russia). Control over the process was carried out by changing the hiding power of the paste. The formulation for the modification was created on the basis of studies previously conducted by the scientific team, and includes carbon nanotubes, surfactants (cationic acrylic block copolymer and non-ionic polyethylene glycol monooleate).
DATA, ANALYSIS, AND RESULTS
The most important technological parameters in the processing of such systems are, -the angular velocity of rotation of the mixing device, the temperature and the number of dispersing bodies. Thus, for example, the shear stresses and the shock pressure created by the agitator depend directly on its angular velocity. To investigate the effect of the angular velocity of the mixing device on the process of modifying carbon nanotubes, a multi-plate mixer was chosen, as is most often used for similar purposes. The modification was carried out with a solvent -ethyl cellosolve.
It should be noted that when a multi-plate mixer is used, the energy transfer in the container is due to the adhesion forces of the processed mixture to the disks and cohesion forces of the system itself. Under the action of the stirrer, vortex flows and the radial flow of dispersing bodies are formed in the container, as a result of which the process of processing takes place (also called "dispersion"). In view of the large circumferential velocities, large velocity gradients appear around the disks, which results in high shear stresses. Figure 1 shows a typical graph of the change in hiding power as a function of the processing time of carbon nanotubes (modification). This graph is typical for dispersing pastes of medium and low viscosity, first a sharp decrease in the spreading rate, caused by the destruction of large aggregates, then, after a certain limit, the curve goes smoothly, which is due to the destruction of strong aggregates of small size, and finally the exit to the plateau in the self-similar region, where the processes of disaggregation are balanced by secondary coagulation and flocculation. When plotting the dependence of the hiding power on the angular velocity shown in Figure 2 , after reaching the self-similar region (about 120 minutes from the beginning of the modification), it turned out that the curve is complex. At the beginning, when the circumferential velocity is increased from 2.35 to 3.14 m / s, the hiding power decreases, since shear stresses increase, the turbulence increases and the flow profile becomes similar to undulating. In the speed range from 3.14 to 5.49 m / s, the curve emerges on a plateau with a slight slope, in our opinion, this may be due to the fact that large aggregates are effectively destroyed in the wave-like pasta flow, but the process of destruction of small aggregates does not occur in due measure. Only at angular velocities above 6.0 m / s there is a sharp drop in hiding power, which, in our opinion, is due to the fact that the process begins, in which smaller aggregates are also destroyed: bodies and paste, under the action of centrifugal force, are discarded wall of the dispersing glass, strike against it, and, upon returning to the centre of the disk, their friction between themselves and the disk occurs, which causes large shear stresses.
Thus, the modification of carbon nanotubes is advisable to conduct at angular velocities above 6.0 m / s. Another technological parameter that has a significant impact on the progress of the processing of polymer composites containing carbon nanotubes (including the process of their modification) is temperature. It is known that in most cases the temperature increase leads to an intensification of the processing process, mainly due to an increase in the concentrations corresponding to the beginning of the structuring of the film former solution, the growth of the surface activity of special additives, and a decrease in the effective viscosity of the system. Traditionally, the process of dispersing medium viscosity and low viscosity pastes is carried out at temperatures not exceeding 50 0 C Since at higher temperatures the saturated vapour pressure increases and mass evaporation of the solvent occurs, which leads to a disruption in the formulation ratio of the paste components and the increase in the viscosity of the system. Therefore, as the upper temperature limit, we chose the temperature 50 0 C, and the lower temperature limit of the paste was chosen 18 0 C, since this is the minimum temperature to which you can cool the paste with water in the warmer months. Figure 3 shows the variation of hiding power versus the time of modification of carbon nanotubes at different temperatures. As can be seen from Figure 3 , all the dependencies of the hiding power variation on the modification time at different temperatures are identical, however, with the temperature increase the process intensifies, as indicated by the data on the dependence of the hiding power on the temperature after 120 min. from the beginning of the process (self-similar region), presented in Figure 4 .
Figure 4:
The effect of temperature on spreading rate, after 120 minutes from the beginning of the modification It is obvious that at high temperatures, mass-exchange processes that intensify the process of destruction of the film-forming associates are accelerated, the desorption of water and air vapour from the surface of carbon nanotubes is facilitated, and the adsorption of surface-active substances on them is accelerated, accompanied by the Rebinder effect. Thus, the process of modifying carbon nanotubes is expedient to conduct at elevated temperatures, up to 50 0 inclusive.
Many authors distinguish three regimes characterizing the behaviour of solid-state particles in a liquid medium during the dispersing process. With a small content of the solid phase, the effect of particle collisions is small and the behaviour of the particles is determined by the viscosity of the medium. At some intermediate content of particles the number of collisions between them increases and the inertial forces become more noticeable in comparison with the viscosity of the medium. At a high content of particles of the solid phase, their displacement is so slowed down that the inter-particle contact predominates in the dynamic behaviour of the medium. If a small number of dispersing bodies are introduced into the paste in a spherical shape, then as a result of structural breakdown, the effective viscosity of the system, the Toms effect, decreases somewhat, with an increase in the number of these bodies, they become constituents of new structural formations. The relative displacement of the milling bodies destroys these formations and the effective viscosity decreases with simultaneous destruction of the pigment aggregates.
The change in the size of dispersing bodies affects not only the effective viscosity of the system, but also the hydrodynamics of its flow. As an object of study, we chose a glass bead with a diameter of 1.4 to 3.5 mm, while the volume of the beads loaded did not change. As a result of the studies, it turned out that when the size of the beads was reduced from 3.5 to 1.4 mm, the dependence of the change in the spreading rate over time was typical for the processing of filled composites, at first a sharp decrease in the hiding power, then a smooth decline before reaching the self-similar regime. To identify the results obtained, it was suggested to calculate the volumetric productivity of the disperser when using a particular type of bead [8] . A typical schedule for the calculation is shown in Figure 5 . As a result, it turned out that the maximum value of volumetric productivity, both in the first and in the second stage, is observed when using beads d = 2.0-2.5 mm (Figure 6. ).
Due to the increasing bead diameter the shear stresses decrease, therefore it is natural that the productivity of both stages, when using beads d = 3,0-4,0 mm, is less than in the case of using beads with d = 2,0-2, 5 mm. When using beads with d = 1.4-1.8 mm, the performance of both stages is also noticeably less, in comparison with the case of using beads with d = 2.0-2.5 mm. In our opinion, this may be due to the fact that, in addition to the process of disaggregation under the influence of shear stresses, secondary coagulation and flocculation occur. These side processes are probably due to the fact that the process of stabilizing disaggregated particles of the dispersed phase lags behind the process of disaggregation. It follows that for carrying out the process of modifying carbon nanotubes, it is advisable to use beads with a diameter d = 2.0-2.5 mm.
Figure 6:
The dependence of volume productivity on the diameter of dispersing bodies -glass beads.
DISCUSSION
Despite the fact that the process of modification of carbon nanotubes and their introduction to polymer matrix is regarded by many researchers, analyzing the results of this work, it can be stated that the use of the above the methodology enables the processing of carbon nanotubes at the production equipment, which is widely used in the paint industry, dissolvers and agitator bead mills. The use of such highly efficient equipment as a bead mill in the first place makes it possible to reduce the unit cost of a product. This is achieved by the fact that the use of a bead mill makes it possible to achieve a productivity of up to 150kg / h, while the ultrasonic bath mentioned by various authors, which is often mentioned by various authors, allows producing no more than 1kg / h. In addition, for energy consumption bead mills are more economical, since they are equipped with motors up to 10 kW, while the use of ultrasonic baths, with commensurate overall dimensions, requires a supply of at least 30 Kw [31, 32] . I would also like to note that the use of ultrasound should necessarily be followed by subsequent centrifugation and evacuation, which is also quite energy-consuming.
In addition, bead mills are completely hermetic, which eliminates the release of organic solvents into the environment, in comparison with planetary mills [33] . It should be noted that in addition to reducing the cost of production of nanostructured paints of barrier type and improving its environmental friendliness, the proposed methodology will make it possible to obtain an aggregate-resistant system in time, which is not always possible with ultrasound applications. In the organization of production, one of the most significant technological standards is the stepby-step control over the conduct of production processes. At the same time, the control methodology should be accessible, operational and informative. These requirements are fully met by the evaluation proposed in this paper for the process of processing of nanostructured paint-andlacquer compositions of barrier type, according to the spreading rate. The technological parameters evaluated in this work will allow organizing the mass-scale for real industrial volumes.
СONCLUSION
As a result of the conducted studies, the influence of various technological parameters on the process of processing (modification) of carbon nanotubes was shown. It is established that the process must be carried out with an angular velocity of rotation of the stirring device of at least 6 m / s. It was noted that a slight increase in temperature, up to 50 0 C, has a favorable effect on the process of modification. The influence of dispersing bodies, glass beads, on the process of modifying carbon nanotubes was also studied and recommendations on the use of such dispersing bodies were given. The data obtained show that for the process of modifying carbon nanotubes in a medium of oligomer solutions, it is possible to use the scientific approaches underlying the physico-chemical processes for obtaining filled paint systems. Using the principles of stabilization, providing the aggregative and sedimentation stability, using the control technique proposed by the authors, in terms of the spreading capacity of the material, it is possible to obtain a composite material with high performance properties that do not change over time (when storing the material).
